ABSTRACT
INTRODUCTION
Modern life needs electrical energy: at any place, any time requiring high quality. Increasing demand for electricityespecially in developing countries -and the concerns about global warming are the motors to push renewable energy sources in many countries. In addition, high efforts are made to reduce power losses wherever possible. Renewables like wind power or photovoltaics are sponsored in many countries by law. The increase of renewables changes the structure of the networks. On the other hand, the number and time of outages are the basis for the "grid fees", its upper limits, or penalties in some countries. In the past there was only one principle: power generation follows load. So, there was only one direction of energy flow: from the power plant to the consumer.
Today, a lot has changed. Renewable energies are generated in a decentralized way according to suitable locations. Energy is usually fed into the network at the mediumvoltage or low-voltage level; in some cases, even directly into the high-voltage network. An essential feature of renewables is the stochastic availability. This has a great influence on network control in existing distribution system.
In the future, power consumption will follow generation rather than vice versa. Prime examples are electric cars that can be charged or operated at night drawing on cheap wind power. This means a change towards a paradigm shift: leaving uni-directional energy and communication flows behind for bi-directional power flows. Therefore, new intelligent and flexible solutions have to be identified and developed.
One module of the future smart grid is the intelligent transformer substation enabling automatic and fast fault clearance, thus contributing to active load management in secondary distribution systems.
SECONDARY

DISTRIBUTION SYSTEM DESIGN WITH DECENTRALIZED POWER SUPPLY
At the secondary medium-voltage level, cable systems with compact HV/LV-transformer substations are mostly used, as shown in Figure 1 . Presently, secondary transformer substations are not included in the "substation automation system" in most of the cases, and can therefore not be monitored or telecontrolled.
Statistics from power supply companies referring to supply interruptions at the end customer show that e. g. in Germany about 80% of the interruptions are caused by failures in the medium-voltage system. The System Average Interruption Duration Index (SAIDI) describes the total time of all interruptions for customers, divided by the number of customers. Typical values for a German municipal utility are 10 minutes of annual outage per customer. In other regions of the world the outage times reaches from hours to days. The utilities' customers require maximum availability of the electrical power supply. 
Manual Fault Localization -Current Status
As secondary transformer substations are usually not equipped with communication links to the network control centres, monitoring of faults as well as remote control are not possible. This can cause long supply interruptions, thus restricting the reliability and security of supply to a large extent. Fault detection is also impaired by the long distances to the secondary transformer substations, which leads to even longer outage times. The procedure for fault clearance requires a lot of time and a large number of personnel. A highly qualified service expert has to drive to many substations to identify the fault prior to supplying all customers with power again. This produces financial losses for utilities by not supplying energy to households and companies. Therefore, there is great need for intelligent solutions.
Intelligent Transformer Substations
There are three different levels of an intelligent transformer substation, as shown in figure 2. The new gas-insulated medium-voltage switchgear type 8DJH provides all functions for applications in intelligent substations and fulfils all preconditions for integration in an intelligent network infrastructure. Later retrofitting of components for remote control can be performed easily and very quickly.
Ring-Main Unit (RMU) / Transformer Substation with Sensors and Actors
Remote Terminal Unit (RTU)
There are two main tasks of the remote terminal unit (14): on the one hand providing the signals and measured values or information from the transformer substation for communication to the telecontrol node or network control centre. On the other hand the RTU transfers the necessary commands to the actors and monitors the execution thereof. Figure 5 shows a real installation of the 8DJH RMU with a complete RTU box, delivered to a German utility. 
Energy Store
The components of an intelligent transformer substation require a reliable auxiliary voltage supply. If the auxiliary voltage fails, an energy store supplies the components for time periods reaching from few minutes to two hours. The size of the energy store mainly results from the power demand to maintain the RTU function and the communication modules. In contrast to this, the energy consumption for motor-operated CLOSING and OPENING of an 8DJH disconnector operating mechanism is very low. 
Other Topics in Discussion Concerning Load Flow Control
Reducing network losses, increasing the capacity for energy transport and increasing the network stability are the goals. Topics in discussion are:
• Compensation of reactive power and harmonics by the invertors of wind power and photovoltaics.
• Which balancing mechanisms are optimal to minimize losses and stabilize the network?
• Are distribution transformers with automatically controlled tap changers required?
• How can distribution transformers be controlled during peak loads and monitored in the overload range?
• Can these measures contribute to postpone/avoid network extensions? Siemens has long years of experience in network planning, and is thus able to elaborate an optimized solution in accordance with the different requirements under the existing network conditions in cooperation with the customer.
Intelligent 3-points-Automation
Cost-benefit estimations urge many power supply companies to compromise and not to automate the complete distribution system, but only to operate selected important transformer substations in a 3-points-automation. Automation can also be retrofitted and adapted to switchgear from different manufacturers.
The advantages of this system already utilized by some power supply companies in Germany are much shorter outage times, as well as less expenses for technical personnel for fault detection. Very important customers can be re-supplied within minutes.
Conclusion
Increasing demand for reliable electricity and achieving the climate protection targets lead to promote the renewable energies with points of infeed in the medium-voltage and low-voltage systems. Maintaining the necessary power quality and network stability requires an active distribution system with intelligent transformer substations.
Possible measures reach from pure monitoring via remote control up to targeted load flow control, and are different in the companies or countries. There is everything from "zero level" up to complete remote control of the transformer substations.
Incentive systems to minimize outage times, and necessary measures to secure the voltage quality are the drivers. Presently, the fault detection with monitoring and remote control with shifting of the open isolating point with the sectionalizer are still in the foreground. Utilization of inverters from the wind power and photovoltaic systems to ensure and improve the power quality will increase in the future. Moreover, distribution transformers with tap changers will be used at critical points in the secondary distribution system. In addition to this there are possibilities for minimization of losses in the grid and monitored utilization of the operational equipment even in the overload range.
For the upcoming tasks, Siemens has a consistent concept and the suitable equipment:
• Medium-voltage switchgear 8DJH with the necessary sensors and actors • RTU telecontrol system with SICAM TM 1703 • Communication via IEC 60870-5-101/104 or IEC 61850 protocols; conventionally via wire, radio or in future via WiMAX or BBDL • Telecontrol node / substation automation systems SICAM PAS or SINAUT Power CC • Application/consulting competence through our "network planning" department The answer to the question "Intelligent transformer substation: a need or luxury?" is: Intelligent substations and an intelligent distribution network are a must in order to meet the requirements of the future. The objective of Siemens is to continue developing intelligent solutions for the management of secondary distribution systems, thus contributing to reliable and efficient power supply.
